Artificial insemination is routinely used in commercial pig breeding, for which the use of high quality 28 semen samples is imperative. Currently, semen quality is determined manually by morphological 29 assessment. This method leads to high inter-operator variability due to its subjective nature. The 
Introduction 46
Male fertility is a consequence of both the number and quality of sperm (Cooper et al., 2009) . In 47 humans, many issues with male infertility are addressed using one of a range of assisted reproductive 48 technology (ART) procedures, such as in vitro fertilisation (IVF) and intracytoplasmic sperm injection 49 (ICSI) . In agriculturally significant species (for example, pigs, cattle and sheep), where a key goal is to 50 maximise the production of meat at a low cost, male fertility is also a challenge (Tardif et al., 1999) .
51
To this end, improving reproductive traits is of paramount importance. In such species, the critical aim 52 is often to identify sub-fertile animals quickly and cheaply so they can be removed from breeding In humans, semen analysis is widely used to evaluate male fertility in infertile couples (Rowe et 
136
Prior to preparation of samples for this study, semen samples were identified as either fertile or sub-137 fertile using a combination of computer assisted sperm analysis (CASA), followed by manual 138 assessment. Specifically, samples that had a normal morphology score of above 70% (obtained from 139 CASA) and a motility score of above 4 (motility was graded from 1 to 5, 1 being dead and 5 being 140 excellent) (subjective manual assessment) were graded as fertile and those falling below these criteria 141 were graded as sub-fertile. (Table S1) (Table S2) . Similarly, attempts to predict fertility using other approaches -for example 284 defining thresholds based on rates of variability within samples -also resulted in the inclusion of sub- 
320
Here we have used this software to analyse sperm head morphology in pigs assessed as either fertile 321 or sub-fertile based on CASA data and manual assessment of morphology. These analyses identify 322 differences between the sperm heads of fertile and sub-fertile animals, with sperm heads from fertile 323 animals having a higher overall area -a consequence of greater width and height -and being less 324 variable in shape than those from sub-fertile animals (Figures 2 and S1-4) . This observation does not 325 agree with previous work that, using a limited sample of 12 Pietrain boars, had suggested that high-326 fertility boars had less elongated sperm heads that were significantly smaller than those of lower 327 fertility (non-return rate lower than 86%) (Hirai et al., 2001 ). This study used the relationship between 328 fertility -based on non-return rate, which was expressed as a percentage of sows who were not 
